N-doped MoS2 nano-flowers are successfully synthesized and used as the anode materials for the lithium-ion batteries. The electronic conductivity of the MoS2 anode materials could be effectively improved by the nitrogen doping process. Compared with the pristine MoS2 anode electrodes, the Ndoped MoS2 anode electrodes exhibit specific capacity value of 786 mAh g -1 after 100 cycles at the high current density of 0.5 C, demonstrating excellent cycle stability. This stable cycle performance is ascribed to the superior electronic conductivity of the N-doped MoS2 anode, which could provide pathways for the transport of the electronics.
INTRODUCTION
Lithium-ion batteries are the main power sources for the electric vehicles and electronic equipment. The lithium-ion batteries are consisted of cathode, anode and electrolyte [1, 2] . Among these components, anode plays a key role for the electrochemical performance of the lithium-ion batteries. Therefore, many researchers are studying the employment of various anode materials. In the reported anode materials, metal sulfide MoS2 has high theoretical capacity, large density and stable chemical properties [3, 4] . As a result, the MoS2 anode becomes the hot topic for the researchers all over the world. Whereas, the MoS2 anode materials also have some disadvantages [5] .
As we all know, the MoS2 suffers from poor electronic conductivity during the electrochemical process [6, 7] . Besides, volume expansion will take place when the lithium is intercalated into the MoS2 layer. Many works have been reported about modifying the electrochemical performance of the MoS2 anode [8, 9] . Huang et al have prepared MoS2 hierarchical microspheres as anode material for lithium-ion batteries [10] . The as-prepared MoS2 microspheres kept the capacity of 768 mAh g -1 after 50 cycles at 0.1 C. It can be proved that perfect structure has positive effect on improving the electrochemical performance. In this paper, N-doped MoS2 nano-flowers are successfully synthesized and used as the anode materials for the lithium-ion batteries. The electronic conductivity of the MoS2 anode materials could be effectively improved by the nitrogen doping process. Moreover, the unique structure of the MoS2 materials could buffer the volume change during discharge and charge process. As a result, comparing with the pristine MoS2 anode electrodes, the as-prepared N-doped MoS2 anode electrodes exhibit specific capacity value of 786 mAh g -1 after 100 cycles at the high current density of 0.5 C, demonstrating excellent cycle stability.
EXPERIEMENTAL

Preparation of the N-doped MoS2 nano-flowers
0.38 g ammonium heptamolybdate tetrahydrate and 1.2 g thiourea were dissolved in 50 mL deionized water and stirred for 30 min. Then, the mixture was transferred to a 80 mL teflon-lined autoclave and kept at 180 o C for 24 h. When the reaction was finished, the products were collected by centrifugation and washing with water and ethanol for several times. After that the N-doped MoS2 materials are prepared under NH3 atmosphere at 300 o C for 2 h. Finally, the pure MoS2 and N-doped MoS2 materials are separated into two kinds samples, respectively.
Materials characterization
The morphology of the as-obtained samples was characterized by using a scanning electron microscope (SEM, JSM-7001F). The structure of the materials was tested by X-ray diffractometer (XRD, D8 Advance, BRUKER). The porous structure was measured by using BET method. XPS was used to investigate the element valence in the samples.
Electrochemical measurements
The electrochemical performance was measured by using coin-type half batteries. A slurry was prepared by mixing 80 wt.% samples, 10 wt.% acetylene black and 10 wt.% PVDF with NMP. Then, the slurry was uniformly casted onto a Cu foil with a doctor blade to prepare a film-type electrode. The process of preparing batteries is conducted in the Ar-filled glove box. The lithium is used as the counter electrode. The electrolyte includes 1.0 M LiPF6 and EC/DEC (1:1). All electrochemical measurements were carried out on a battery testing system (LAND CT 2001A) in the potential range from 0.01 V to 3 V. Figure 1 is the XRD pattern of N-doped MoS2 and pure MoS2 materials. The diffraction pattern of the pure MoS2 indicates that the prepared MS has good crystallinity and no impurity peaks. The purity of the materials has direct effect on the performance of the lithium-ion batteries. As shown in Figure 1 , the as-prepared MS samples display typical diffraction peaks of metal sulfide MoS2, indicating the high purity of the MoS2 samples. The peaks at 13°, 34°, 56° are corresponding to the (101), (111) and (110) crystal plane, respectively [11, 12] . For the N-MS samples, the diffractions have no obvious changes comparing with the pure MS samples. Therefore, it can be obtained from the XRD result that the N-MS and MS samples are prepared successfully. Figure 2a shows the N2 adsorption isotherms of N-MS and MS samples. It can be seen that the as-prepared MS sample shows no obvious porous structure. This character has negative effect on the transport of the Li + [13, 14] . However, after N-doping process for the MS sample, the N-MS composites shows typical mesoporous structure, which could provide channels for the transport of Li + in the electrolyte [15, 16, 17] . To further study the element valence in the as-prepared samples, XPS test was conducted for the N-MS. As shown in Figure 2b , the spectra of Mo 3d shows peaks at 230.3 eV and 233.1 eV, respectively [18] . These two peaks are corresponding to the Mo-Mo chemical bond and Mo-S bond, respectively. Figure 3a is the SEM image of the MS sample. The MS sample shows nano-flower morphology. Besides, it can be clearly seen that the surface of the MS nano-flower is constructed by many nano-sheets. The dimeter of the MS nano-flower is located at 120 nm. Figure 3b shows the morphology of the N-MS composites. The N-MS exhibits similar morphologies comparing with the pure MS samples. All of the N-MS nano-flowers are uniformly dispersed in the image. In all, comparing with the pure MS samples, the overall morphology of N-MS composite is much better, and the electronic conductivity can be improved via the N-doping during the electrochemical process. To confirm the presence of all elements in the N-MS composites, EDS was conducted for the N-MS composites. As shown in Figure 3c -f, it can be clearly observed that the elements Mo, S and N are distributed in the N-MS composites. This also could prove that the N-doped MoS2 composites are successfully prepared. The constant discharge/charge profiles of the electrodes are tested between 0-3 V at the current density of 0.1 C. As shown in Figure 4a , the initial specific capacity of the N-MS anode electrode is 1186 mAh g -1 . For the pure MS anode electrode, the initial specific capacity value is only about 986 mAh g -1 at the current density of 0.1 C. This is due to the improved electronic conductivity of the asprepared N-MS anode electrode, which is improved by N-doping process. Figure 4b shows the discharge/charge profiles of the electrodes after 10 cycles. It can be seen that the voltage platform at 0.9 V is disappeared, which is ascribed to the irreversible phase transition during the discharge/charge process. This is because the pure MS anode electrodes suffer from poor electronic conductivity during the electrochemical cycles. Besides, the structure of the pure MS anode electrodes may be damaged by the high current density [22, 23] . For the N-MS anode, the proicess of the N-doping can effectively enhance the conductivity and inhibit the volume change. Figure 5b shows the rate performance of the pure MS anode electrode and N-MS anode at various current densities form 0.1 C to 2 C. The as-prepared N-MS anode displays excellent rate performance Even when the discharge/charge process is after the 25 cycles, the specific capacity remains at 495 mAh g -1 at the high current density of 2 C. Moreover, when the current density returns to 0.1 C, the capacity of the N-MS anode could recover at 883.2 mAh g -1 , which is far higher than the pure MS anode electrode. However, the pure MS anode electrode shows bad rate performance during the change of the current densities. Therefore, it could be proved that the N-MS anode electrode has better rate performance and good reversibility than pure MS anode. In order to further confirm the superior conductivity of the N-MS anode electrode, EIS test was conducted. As shown in Figure 6 , there are semicircle and slant line in the spectra. The semicircle in the high frequency represent charge transfer impedance (Rct) on the electrode surface. The slant line in the and low frequency regions is corresponding to the diffusion impedance (Rs) of Li + . From the spectra, it can be seen that the N-MS has smaller charge transfer impedance and Warburg impedance [19, 20] . Consequently, the perfect electrochemical performance can be attributed to the N-doping process, which could effectively enhance the electronic conductivity of the pure MS anode electrode. Moreover, it provides pathway for the transport of Li + between the electrolyte and electrode [21] .
RESULTS AND DISCUSSION
Therefore, it can be concluded that the as-prepared N-MS composites has superior electronic conductivity, which could improve the electrochemical performance of the lithium-ion batteries. Furthermore, table 1 shows the values of Rs and Rct value for the N-MS and MS anode electrodes, respectively. Form the table, it can be seen that the Rs and Rct for N-MS anode is 5.32 Ω and 12.65 Ω, respectively. This value is much smaller than pure MS anode, demonstrating superior electronic conductivity. This impedance value further clearly confirms the superior electronic conductivity of the N-MS anode materials by N-doping process. Table 2 shows the electrochemical performance of the various anode materials for the lithiumion batteries. As shown in Table 2 , it can be clearly seen that the as-prepared N-MS anode electrode exhibits more excellent cycle stability than other reported anode materials in the references. As for the reason, it may be ascribed to the improved electronic conductivity of the N-MS anode, which is Ndoped. Moreover, the unique structure of the MoS2 materials could buffer the volume change during discharge and charge process. In all, our work may provide a new strategy to enhance the electrochemical performance of the MoS2-based anode by modifying the electronic conductivity. 
CONCLUSIONS
N-doped MoS2 nano-flowers are successfully synthesized and used as the anode materials for the lithium-ion batteries. The electronic conductivity of the MoS2 anode materials could be effectively improved by the nitrogen doping process. Moreover, the unique structure of the MoS2 materials could buffer the volume change during discharge and charge process. Compared with the pristine MoS2 anode electrodes, the N-doped MoS2 anode electrodes exhibit specific capacity value of 786 mAh g -1 after 100 cycles at the current density of 0.5 C, demonstrating excellent cycle stability. This stable cycle performance is ascribed to the superior electronic conductivity of the N-doped MoS2 anode, which could provide pathways for the transport of the electronics.
